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ABSTRACT Bait sprays containing the toxicant spinosad (GF-120) were applied to citrus groves in
the Rio Grande Valley of Texas where Mexican fruit ßies were detected in surveillance traps. The
sprays were applied as a supplement to a continuous sterile insect release program. Sterile ßy captures
were 47Ð63% lower in the treated groves compared with control groves. Eight of 10 secondary pest
populations declined in the test groves subsequent to spray applications, but they also declined in the
control groves, suggesting that the decline was a seasonal phenomenon rather than a result of the bait
sprays. Citrus whiteßy, Dialeurodes citri (Ashmead), populations increased modestly and citrus
blackßy, Aleurocanthus woglumi (Ashby), populations remained unchanged compared with pretreat-
ment levels. Thus, no outbreaks of secondary pests occurred as a result of the spinosad bait sprays in
this instance, as has been reported for malathion bait sprays in citrus. The bait sprays had no detectable
effect on populations of speciÞc indicator species of parasitoids (including Aphytis spp. and Comp-
eriella bifasciata Howard), or on numbers of beneÞcial insects in general, in the treated groves.
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POPULATIONS OF THE MEXICAN fruit ßy, Anastrepha lu-
dens (Loew), are suppressed in southern Texas by an
intensive sterile insect technique (SIT) program ad-
ministered jointly by USDAÐAPHIS and the Texas
Department of Agriculture. Flies are mass reared at a
facility in Mission, TX, radiosterilized, and then dis-
persed by aircraft over the citrus growing areas of the
lower Rio Grande valley at a rate of 30 million ßies per
week. In spite of these efforts, Mexican fruit ßies are
detected every spring in Texas in numbers sufÞcient
to trigger export restrictions. Under existing quaran-
tine protocols (Nilakhe et al. 1991), growers have the
option of mitigative measures allowing export, which
include application of pesticides to the infested
groves. Until recently, the pesticide of choice for these
applications was a Malathion bait spray (Lopez et al.
1969).

Generally, applications of insecticidal chemicals are
incompatible with biological control programs. How-
ever, SIT, a form of biological control, is thought to be
most, or only, efÞcacious when the sterile to fertile
ratio is high (Knipling 1960). The ratio can be en-
hanced by either increasing the numbers of sterile ßies
released or by reducing the pest population with a
supplementary control procedure. More than 350
Mexican fruit ßy larvae can be reared from a single
grapefruit (Thomas 1997); thus, the sterile ßy capacity

can be quickly overwhelmed by a local infestation,
even when augmentative releases are applied to the
focus of the outbreak. Chemical treatments are den-
sity independent and can knock down a localized
infestation and thus enhance the sterile:fertile ratio.

A concern with pesticide applications is that they
may induce an outbreak of secondary pests by the
inadvertent suppression of natural enemies. In Texas,
drift of methyl parathion from cotton Þelds has caused
outbreaks in citrus of brown soft scale, Coccus hesper-
idium L., which is usually controlled by parasitic Hy-
menoptera (Dean et al. 1983). Such problems can be
minimized by targeting the pesticide to the intended
pest. By mixing the pesticide with a food-bait attrac-
tive to fruit ßies and applying the formulation in drop-
lets, a spray containing ultra-low volumes of pesticide
can be applied (Prokopy et al. 1992). Vargas et al.
(2002) reported that the Mediterranean fruit ßy para-
sitoid Fopius arisanus (Sonan) would not consume the
protein bait used in ßy control programs. Nonetheless,
such bait sprays targeting the Mediterranean fruit ßy,
Ceratitis capitata (Wiedemann), in California and
Florida using malathion as the toxicant had negative
impacts on pollinators and predatory insects within
the eradication zone (Harris et al. 1980, Troetschler
1983, Hoelmer and Dahlsten 1993). Spinosad is a mi-
crobial metabolite with insecticidal properties that
kills if ingested (Cisneros et al. 2002, Williams et al.
2003), but unlike malathion, it has little contact tox-
icity and therefore should have less impact on non-
targets (Vargas et al. 2001). A spinosad formulation
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using mazoferm as the bait was found to be effective
against Mediterranean fruit ßy in Hawaii (Peck and
McQuate 2000). Field trials in Florida demonstrated
the efÞcacy of GF-120, a foliar toxic bait spray that
combines spinosad and the lure solbait (Moreno and
Mangan 2000) against the Mediterranean fruit ßy and
the Caribbean fruit ßy, Anastrepha suspensa (Loew).
But there were insufÞcient data to assess the effect on
nontarget insects (Burns et al. 2001).

During the 2001 and 2002 citrus harvest seasons, the
Texas fruit ßy suppression program instituted exper-
imental applications of GF-120, treating the Þrst 10
locations where fertile Mexican fruit ßies were de-
tected in both years. We used this opportunity to
measure the impact of GF-120 sprays on the popula-
tions of secondary pests, and their natural enemies, in
the treated groves. We also report on the effect of
these sprays on the sterile released Mexican fruit ßies.

Materials and Methods

GF-120 is a mixture of the toxicant spinosad
(DowAgroSciences, Indianapolis, IN) and a feeding
attractant. The lure component, a hydrolyzed protein
bait that attracts and induces feeding by fruit ßies, was
developed by Moreno and Mangan (1995). The basic
formulation is derived from Mazoferm E802 (Corn
Products, Argo, IL) an enzymatically hydrolyzed pro-
tein from corn processing. Liquid Mazoferm was
shown to have no signiÞcant impact against a series of
beneÞcial hymenopteran parasites by Dowell (1997)
and reduced impact against honey bees (Dominguez
et al. 2003). A dried and puriÞed derivative from Ma-
zoferm, Solulys, was developed and also successfully
tested with a series of toxicants. The Þnal bait formu-
lation solbait uses solulys as the proteinaceous com-
ponent. Additional components, and methods used in
developing the formula, were described by Moreno
and Mangan (2002). The solbait formulation contains
1% ammonium acetate (Sigma, St. Louis, MO), 1%
polyethylene glycol 200 (ICN Biomedicals, Aurora,
OH), 1% polysorbate 60 (Soco-Lynch, Los Angeles,
CA), 0.25% soybean oil, 15% invertose (Liquid Sugar
Inc., Emeryville, CA), 2% active ingredient (AI) So-
lulys, 0.4% xanthan gum, and �80% water. Spinosad
has been shown to be highly toxic to fruit ßies at lower
concentrations than many commonly applied organo-
phosphate insecticides (Chen et al. 2003, Stark et al.
2004). The label for GF-120 recommends 80 ppm con-
centration of spinosad in the solbait formulation
(0.02%). For the tests described herein, the formula-
tion was applied by aircraft (2001Ð2002) or by ground
spray (2002Ð2003) at the recommended rate of 52 oz
(1.5 liters) of mixture per acre.

The Texas Protocols specify that all citrus within
250mofa fertileMexican fruitßydetectionbe treated,
which is an area of �12.5 ha. However, inasmuch as
citrus groves in the lower Rio Grande valley are typ-
ically only 2 to 4 ha, a decision was made to treat groves
in their entirety for this experiment, even though only
a portion of the grove extended within the 250-m
radius. The treated groves varied from as small as 0.25

ha to as large as 18 ha. In 2001Ð2002, the two smallest
groves were treated manually using backpack spray-
ers. The rest were sprayed by airplane. In 2002Ð2003,
all applications were made by ground using a ladybird
sprayer mounted on an all terrain vehicle.

In the 2001Ð2002 season, Þve successive sprays were
applied to each treated grove at scheduled 14-d in-
tervals. Because the harvest season for Texas citrus is
October to March, these sprays were applied mainly
in the winter. For example, the Þrst ßy detection was
made on 9 October 2001. The Þrst application was
made on 17 October and the last on 14 December at
this grove. For the last treated grove, applications
began in January and the Þfth application was made on
7 April. Table 1 provides the dates for each spray
application in each test grove. Although program of-
Þcials had planned to spray each of the Þrst 10 groves
where a fertile Mexican fruit ßy was captured, one of
the infested groves was a state-certiÞed organic grove
so the spray was not applied. At the time of the test,
GF-120 had not yet been registered as an organic
insecticide.

In the 2002Ð2003 season, four of the Þrst 10 ßy
detections were in dooryards; thus, only six commer-
cial groves received bait spray applications. The Þrst
grove received applications beginning in October
2002 and the sixth grove was treated beginning in
February 2003. The treatment interval was reduced in
this year to weekly sprays with the treatment dates for

Table 1. Weather during treatment and sample dates for
2001–2002 season by week: rainfall (millimeters), maximum and
minimum temperatures (°C), treatment (spray) dates (by grove
number), nontarget insect sample dates (by grove number), and
numbers of sterile flies released (in millions)

Wk Rain
Max
temp

Min
temp

Spray Sample
Sterile
ßies

Oct. 1Ð7 0 35 15 0
Oct. 8Ð14 0 34 16 1 21.2
Oct. 15Ð21 0 32 12 1, 2 2, 3 29.6
Oct. 22Ð28 0 36 15 3, 4 4 28.1
Oct. 29ÐNov. 4 2 32 13 1, 2 24.8
Nov. 5Ð11 0 31 13 3, 4 5 28.3
Nov. 12Ð18 61 31 17 1, 2, 5 10.2
Nov. 19Ð25 1 30 10 3, 4 4.2
Nov. 26ÐDec 2 1 32 3 1, 2, 5 36.1
Dec. 3Ð9 15 28 8 3, 4 26.7
Dec. 10Ð16 2 28 7 1, 2, 5 34.6
Dec. 17Ð23 8 28 7 3, 4 39.6
Dec. 24Ð31 6 26 2 5 6, 7 38.8
Jan. 1Ð7 1 23 �1 6, 7 43.7
Jan. 8Ð14 0 27 1 5 44.4
Jan. 15Ð21 14 29 7 6, 7 49.2
Jan. 22Ð28 0 32 6 8 8, 9 45.5
Jan. 29ÐFeb. 4 2 32 6 9 39.9
Feb. 5Ð11 4 29 6 8 26.9
Feb. 12Ð18 0 28 7 9 36.1
Feb. 19Ð25 5 32 7 40.3
Feb. 25ÐMar. 4 5 29 4 32.4
Mar. 4Ð11 0 29 5 26.8
Mar. 12Ð18 0 34 9 2 30.7
Mar. 19Ð25 3 30 12 7 39.2
Mar. 26ÐApril 1 0 32 18 1, 4 33.7
April 2Ð8 6 31 14 3 31.8
April 9Ð15 0 35 17 6, 8 33.5
April 16Ð22 0 33 23 9 34.7
April 23Ð30 0 36 22 5 26.4
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each grove shown in Table 2. The interval was short-
ened because of concerns that rainfall could nega-
tively impact the residual efÞcacy of the sprays.
Weather data during the study periods of both years
is provided in Tables 1 and 2. The National Weather
Service station at Weslaco Texas is located on the
grounds of the USDA laboratory and operated by
USDA personnel. The cited data can be found in
reports published by NOAA (2001Ð2003).

In the second year of study, the treated groves were
scattered over three southern Texas counties so that
none were in proximity to one another. In the Þrst year
of the study, three of the infested groves were located
within the municipal boundaries of the same town,
Weslaco, TX. In that instance, the closest pair was 3 km
apart. By contrast, in all cases the control groves were
within a 1-km radius of the corresponding treatment
grove.
Secondary Pest Surveys.The damaging stages of the

major pests of citrus are sessile or wingless. The re-
duced vagility, along with their aggregative behavior,
greatly facilitated population sampling. We followed
the survey methods for citrus pests described by Si-
manton (1962), modiÞed for our situation. Before the
spray applications, technicians collected a total of 100
leaves from each treatment grove, and 50 leaves from
each of two control groves. The control groves were
selected for their proximity to the treatment grove.
These were always within 1 km of the test grove, and

when there were options, control groves were chosen
from opposite sides of the treatment grove. The leaf
collection procedure consisted of sampling from 50
trees in the treatment grove and 25 trees in each of the
control groves. Technicians entered each grove from
opposite corners, beginning sampling at the second
row from the end. Every other tree was sampled pro-
ceeding down rows until the quota was reached. Two
leaves were collected blindly from each sampled tree,
at shoulder height, one from outside and one from
inside (arms-length) of the canopy. The two leaves
from each tree were sealed in a petri dish for transport
to the laboratory. Each leaf was scored in the labora-
tory for the presence of pest arthropods using a ste-
reomicroscope. The leaves were scanned on the same
day or held overnight in a refrigerator and scored the
next day. Two months after the bait sprays, the treat-
ment grove and the control groves were sampled again
for comparison using the same procedures. The exact
sampling dates are provided in Table 1.
Survey for Natural Enemies. Sticky traps are a stan-

dard method for sampling ßying insects (Southwood
1978). Yellow sticky traps are the most attractive to
parasitoids and predators in orchard studies (Dowell
and Cherry 1981, Moreno et al. 1984, McClain et al.
1990). Before the bait spray application, sticky traps
were placed in both treatment and control groves and
retrieved after 4-d exposure. The traps employed were
yellow, 10 by 20 cm, rectangular cards coated on both
sides with adhesive (Gemplers, Bellville, WI), sus-
pended from branches by a wire. The traps were hung
inside the canopy at shoulder height in trees one row
in from the corner at opposite sides of the grove. On
removal from the grove the sticky trap was wrapped
in cellophane to facilitate handling. All cards were
subsequently examined under a stereomicroscope,
and the predators and parasites identiÞed and
counted. This procedure was repeated 2 mo after the
sprays to measure the effect, if any, on the populations
of beneÞcial arthropods. The sticky cards were de-
ployed during the same week that leaf samples were
collected from the respective groves.
Trapping for Fruit Flies. Before, during, and after

the bait spray applications, the program of sterile re-
leases and detection trapping for fruit ßies was in
continuous operation. Plastic Multilure traps (Better
World Manufacturing, Miami, FL) were baited with
torula yeast suspended in 300 ml of water and 15 ml of
propyleneglycol, the latter as apreservative.Fruitßies
removed from the traps were transported to the lab-
oratory for identiÞcation and determination as feral or
sterile. Before release, the SIT program ßies were
marked with a red ßuorescent dye, visible under UV
light. Also, just before release, the sterile ßies were
chilled to facilitate handling. The chilled ßies (typi-
cally six million per load) were placed into a release
machine mounted inside of a Cessna 206 aircraft. The
release rate was 27,000 ßies per km2. Any unmarked
ßies were presumed to be wild ßies and were dissected
to verify reproductive status based on maturation of
the testes or ovaries. The exact number of ßies re-

Table 2. Weather during treatment and sample dates for
2002–2003 season by week: rainfall (millimeters), maximum and
minimum temperatures (°C), treatment (spray) dates (by grove
number), and sample dates (by grove number), and numbers of
sterile flies released (in millions)

Wk Rain
Max
temp

Min
temp

Spray Sample
Sterile
ßies

Oct. 1Ð7 6 34 23 12.7
Oct. 8Ð14 1 34 17 6.3
Oct. 15Ð21 14 32 12 2.9
Oct. 22Ð28 111 33 15 1, 2 7.0
Oct. 29ÐNov. 4 128 31 16 1, 2 1, 2 6.6
Nov. 4Ð11 0 31 9 1, 2 1, 2 8.2
Nov. 12Ð18 0 27 9 1, 2 1, 2 8.3
Nov. 19Ð25 28 27 11 1, 2 1, 2 21.4
Nov. 26ÐDec. 2 0 23 3 1, 2 24.2
Dec. 3Ð9 0 27 3 30.6
Dec. 10Ð16 5 27 4 30.5
Dec. 17Ð23 0 29 2 32.4
Dec. 24Ð31 6 28 7 37.4
Jan. 1Ð7 0 28 3 3 30.2
Jan. 8Ð14 21 28 8 3 3 32.3
Jan. 15Ð21 0 27 2 3, 4, 5 3 30.5
Jan. 22Ð28 8 29 3 3, 4, 5 3, 4, 5 30.7
Jan. 29ÐFeb. 4 0 32 6 3, 4, 5 3, 4, 5 31.1
Feb. 5Ð11 12 26 3 4, 5 3, 4, 5 21.5
Feb. 12Ð18 0 32 5 4, 5, 6 4, 5 32.0
Feb. 19Ð25 5 27 2 6 4, 5, 6 30.3
Feb. 26ÐMar. 4 13 26 2 6 6 31.5
Mar. 5Ð11 0 28 11 6 6 26.6
Mar. 12Ð18 0 31 17 6 6 30.7
Mar. 19Ð25 0 29 12 6 26.0
Mar. 26ÐApril 1 0 29 5 29.6
April 2Ð8 0 32 15 27.8
April 9Ð15 0 29 9 28.4
April 16Ð22 0 31 21 30.5
April 23Ð30 0 35 21 30.0
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leased varied somewhat from week to week averaging
30 million per week as shown in Tables 1 and 2.

In total, 2,200 traps were deployed for the suppres-
sion program with traps placed in host trees, about half
of which were in commercial groves, and the other
half in residential backyards. These traps were ser-
viced weekly unless unfavorable weather conditions
caused a delay in service. Each of the treatment groves
and each of the control groves had a trap in continuous
operation. After the initial 2001Ð02 test, we deter-
mined that this trap rate was insufÞcient to measure
efÞcacy of the sprays; thus, in 2002Ð03 we increased
the rate to four traps per grove. The traps were arrayed
at compass point directions Þve rows away from the
center or 10 trees away if in the same row. Further-
more, a synthetic lure containing two components,
ammonium acetate and putrescine, marketed as Bio-
lure (SUTERRA, Bend, OR), with water diluted [4:1
(vol:vol)] propylene glycol antifreeze (Prestone
Lo-Tox) as the capture liquid, was deployed in the
traps to increase trap efÞciency.
Statistical Analysis. Data were analyzed using stan-

dard statistical tests (Sokal and Rohlf 1973). StudentÕs
t-test was used to compare mean numbers of second-
ary pests. The reported numbers of beneÞcial arthro-
pods are the mean number captured on each of four
sticky traps placed in each of the treatment groves or
respective control groves. Model I analysis of variance
(ANOVA) was used to compare mean numbers of
beneÞcial arthropods between treated and nontreated
groves and between posttreatment and pretreatment
populations. Linear regression was used to correlate
pest and predator populations. Probabilities for F and
t statistics were computed using the online statistical
program Unixstats (2005).

Results and Discussion

Impact of Spinosad Sprays on Natural Enemies.
Because predators and parasites tend to be active,
vagile organisms, substantial numbers are captured on
sticky traps, thus providing a census method to com-
pare populations in treatment and control groves. In
total, 120 sticky traps were deployed in the groves
before and after the spinosad treatments. The num-
bers of beneÞcial insects varied among the traps with
a range from as few as four to as many as 1,217 indi-
viduals per trap. The total number of predators and
parasitoids captured was 18,778. The mean number
per trap was 156.5 � 199.7. Although spiders, coc-
cinellid beetles and lacewings are common in the
citrus groves, the majority of the beneÞcials captured,
89.7%, were members of the Hymenoptera. Of these,
95.5% were Chalcidoidea.

Data in Table 3 suggest that there was no signiÞcant
difference in populations of beneÞcial arthropods be-
tween the control (134.2 per trap) and treatment
(132.1 per trap) groves before the sprays (F� 0.0007;
df � 1, 16; P � 0.98). Populations of predators and
parasites increased in all groves after the spray appli-
cations, a natural increase associated with the change
in seasons (winter to spring). In that respect, a win-

tertime spray application may have the least impact on
nontarget insects because of lower activity at that
time. Comparing beneÞcial populations between
treated and control groves after the sprays, the mean
number of beneÞcial arthropods was 10% lower in the
treatment groves (181.5 versus 210.7 per trap), possi-
bly an effect of the spray applications, but the differ-
ence was not statistically signiÞcant (F � 0.235; df �
1, 16; P � 0.63). Moreover, the number of beneÞcial
arthropods trapped was greater in four of the 10 treat-
ment groves after the sprays than in the untreated
controls.

To detect speciÞc effects, we compared numbers
of certain indicator species. Comperiella bifasciata
Howard is an encyrtid introduced for control of the
California red scale, Aonidiella aurantii (Mask). Be-
fore the sprays, C. bifasciata was about equally abun-
dant in the control groves (7.2 � 11.5) and treatment
groves (5.9 � 7.9) (F� 0.08; df � 1, 16;P� 0.78). After
sprays, mean numbers trapped in the treated groves
had dropped by �30% (4.1 � 3.4), but this was not
statistically signiÞcant (F� 0.38; df � 1, 16; P� 0.55).
However, mean numbers increased in the nontreated
groves by almost 100%, although again, the difference
was not statistically signiÞcant (F� 0.50; df � 1, 16;P�
0.49). Factors that confounded the analysis were the
nonuniform distribution of the wasp among the
groves, which was correlated signiÞcantly with the
incidence of its host (r� 0.81, t� 3.87, P� 0.002) and
small total sample size (n � 268).

Among the commonest parasitoid wasps in the traps
were species in the genusAphytis (Aphelinidae) (n�
4723), which are natural enemies of chaff scale, Par-
latoria pergandii Comstock (Woolley and Browning
1987), the commonest armored scale pest in the
groves. Michaud (2003) demonstrated that GF-120
was attractive and caused signiÞcant mortality to
A. melinus De Bach in cage tests, although it is much
less lethal than the malathion-nulure formulation. In
this case, the mean trap numbers of Aphytis increased
in the treated groves, reaching 60.5 � 64.2 after the
sprays, compared with 46.9 � 43.8 before the sprays.

Table 3. Mean number of beneficial insects (predators and
parasites) per sticky trap by grove before and after spinosad bait
spray applications

Grove
no.

Pretreatment Posttreatment

Treatment Control Treatment Control

1 148.7 13.2 179.0 119.5
2 23.7 134.0 112.5 478.7
3 90.5 66.0 76.2 186.3
4 95.2 526.2 141.2 172.3
5 566.5 227.0 408.5 92.5
6 74.5 85.0 98.5 122.5
7 47.5 60.5 59.0 98.5
8 108.0 49.7 302.5 234.5
9 34.0 46.0 256.0 391.5

Mean 132.1a 134.2a 181.5a 210.7a

SD 167.5 153.5 117.8 129.1

Means followed by the same letter are not signiÞcantly different
based on pairwise ANOVA. For treated groves, comparing before and
after treatment: F � 0.524; df � 1, 16; P � 0.48.
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But this difference was not signiÞcant (F� 0.278; df �
1, 16; P � 0.605). In the control groves, the mean
numbers actually dropped to 147.7 � 321.6Aphytisper
trap in the spring compared with 269.7 � 512.5 in the
winter samples. Therefore, we did not detect a neg-
ative effect because of the spinosad treatments.
Impact of Spinosad Sprays on Secondary Pests.

The most frequently encountered pests on Texas cit-
rus are chaff scale; California red scale; citrus black-
ßy, Aleurocanthus woglumi (Ashby) (Aleyrodidae);
and Texas citrus mite, Anychus clarki (McGregor).
The citrus blackßy has been successfully controlled
by an augmentative biological control program re-
leasing a combination of two hymenopterous parasi-
toids,Encarsia opulentaSilvestri (Platygasteridae) and
Amitus hesperidum Silvestri (Aphelinidae) (Summy
and French 1988). In California, outbreaks of citrus
blackßy have resulted from applications of malathion
sprays for fruit ßies (Ehler and Endicott 1984). Al-
though no signiÞcant reduction in total numbers of
predators or parasitoids was detected in our study, the
secondary pest population was surveyed for impact
that might be attributable to the sprays. In total, 10
pest species were sufÞciently common to quantify
(Table 4).

In the control groves, nine of the 10 pest species
declined in incidence between the winter sample and
the spring survey, concomitant with the increase in
predator and parasite populations. Only the purple
scale, Lepidosaphes beckii (Newman), population did
not change (2.6 versus 2.7% of leaves infested). Sim-
ilarly, in the treatment plots, the incidence of eight of
the 10 pest populations declined. The citrus whiteßy,
Dialeurodes citri (Ashmead), more than doubled from
1.4 to 3.8%, but such low populations are not econom-
ically important. The citrus blackßy population did not
change in the treated groves after the spray applica-
tions (9.9 versus 9.1% of leaves infested). Perhaps it
could be argued that the lack of decline might be
attributable to lesser control by beneÞcial arthropods
considering that the populations in the nonsprayed
groves declined by �50% (from 8.8 to 4.0%). Regard-
less, no outbreak of any pest species was induced by
the spinosad sprays in this test.

Impact of Spinosad Bait Sprays on Sterile Fly Pop-
ulations. In 2002, the Þrst year of the spray program,
a single fruit ßy trap was in operation in each treated
grove and in each adjacent nontreated grove. The
captures of sterile ßies from 5 wk of trapping in these
groves during, and for 2 wk after, the last spray ap-
plication was considered in the analysis. In the treat-
ment groves, a mean of 26.9 � 11.2 ßies was captured
per trap per week. During the same time period in the
adjacent nontreated groves, the mean was 36.5 � 25.5
ßies per trap per week. Although populations were
larger in the nontreated groves as expected, the dif-
ference was not statistically signiÞcant (t� 1.28, df �
22, P� 0.107). However, the design of the experiment
contained a ßaw that could have seriously affected the
results. Program traps are placed on the periphery of
the grove to facilitate access and to take advantage of
the so-called “edge effect.” Because sterile ßies are
released weekly, many of the ßies captured in these
traps were entering the groves and therefore were
minimally subject to the treatments, if at all. There-
fore, in the second year of the program the number of
traps was increased, and these traps were arrayed in
the interior of the groves.

In the second year of the program, four of the Þrst
10 fertile Mexican fruit ßy detections were in residen-
tial backyards, and sprays were restricted in those
areas to potential host trees within a 200-m radius of
the original Þnd. Our experiment was thus limited to
the six commercial groves that were treated. In all
treated groves, there were fewer sterile ßies captured
than in the control groves and in some cases the
difference was large. The mean reduction in numbers
of Mexican fruit ßies was 47.5%. Again, however, the
difference was not statistically signiÞcant (t � 1.28,
df � 5, P � 0.13) because of the great variation in
numbers among groves (Table 5). Because fertile ßy
detections, and therefore the spray applications, are
sequential, the replicates are not simultaneous, and
therefore subject to different climatic conditions.
Most notably, there was no detectable reduction in the
sterile ßy population in the Þrst treated grove. Rains
during late OctoberÐearly November when the sprays
were applied are suspected as a cause of reduced
efÞcacy (Table 1). Removing that one treatment from

Table 4. Incidence of secondary pests in treatment and control groves before and after spinosad sprays (mean � SE% of leaves
infested)

Pest
Treated grove Control grove

Before After Before After

Chaff scale 17.0 � 10.4a 7.6 � 5.11b 2.9 � 7.2c 4.2 � 10.8b
California red scale 10.2 � 12.0a 3.1 � 3.3b 6.1 � 3.4c 2.5 � 2.7b
Purple scale 4.1 � 7.4a 2.4 � 2.22a 0.6 � 4.5a 2.7 � 6.6a
Citrus black ßy 9.2 � 6.8a 9.0 � 10.3ab 8.8 � 4.7a 4.0 � 3.3b
Citrus white ßy 1.4 � 1.9a 3.5 � 8.7a 3.0 � 3.7a 2.6 � 4.1a
Wooley white ßy 4.1 � 3.0a 1.2 � 1.0b 3.2 � 3.4a 0.8 � 0.8a
Citrus leaf miner 3.0 � 3.0a 0.3 � 0.5b 1.4 � 1.3c 0.4 � 1.0b
Texas citrus mite 16.1 � 15.0a 14.1 � 17.5a 16.0 � 12.2a 11.5 � 11.4a
Spider Mites 7.0 � 4.8a 2.9 � 3.7b 6.7 � 5.4a 1.4 � 1.6b
Citrus rust mite 4.3 � 7a 03.8 � 12.0a 5.4 � 14.0a 1.6 � 5.1a

Data are from nine treatment and 18 control groves. Means followed by the same letter are not signiÞcantly different at P � 0.05.
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the analysis results in a 63% difference in captures in
the treated groves compared with the adjacent non-
treated groves, and this difference was statistically
signiÞcant (t � 3.28, df � 4, P � 0.015).

These results suggest that the sterile ßy populations
in the treated groves are reduced on the order of
50Ð60% during and immediately after the spray ap-
plications. Given the weekly replenishment of sterile
ßies and the continuous movement of sterile ßies into
the grove from nontargeted areas, the loss of steriles
may be acceptable, provided the sprays are efÞcacious
in reducing the fertile ßy population in the same pro-
portion.
Impact of Spinosad Bait Sprays on Wild Fertile
Mexican Fruit Fly Populations. Subsequent to the
spinosad sprays in the nine groves where feral ßies
were detected in 2002, recidivism occurred in three of
the treated groves with six feral ßies captured. By
contrast, in the 18 adjacent, nontreated plots, nine
feral ßies were captured in four of the groves. Because
a slightly higher frequency of feral ßies was found in
the treated compared with the nontreated groves, one
might conclude that the spray had little beneÞt. But
the comparison is biased because the treated groves
were known to be infested, whereas the untreated
control groves were presumably not infested, at least,
at the time of the treatments. A better comparison
might be between treated and untreated infested
groves. In 2003 recidivism occurred in only one of the
six treated groves (n � 2 ßies). By comparison, the
next six groves with ßy detections were not treated
and among these, feral ßies were later captured in
three of the six (n � 5 ßies), suggesting that the
treatments were effective. It is difÞcult to attach much
signiÞcance to these results because the numbers of
feral ßies are so low, although the measured reduction,
40Ð60%, is on the same order of magnitude as the
reduction in sterile ßy populations.

Another way of considering the impact of the sprays
is by examination of the total fertile ßy population
during the years in which the spray program was
implemented. In 2002, the Þrst year of the spray pro-
gram, 715 wild Mexican fruit ßies were captured val-
ley-wide. In the second year of the program, the num-
bers fell to 305 ßies captured. In the third year of the
program, only 85 wild ßies were captured. Inasmuch
as the acreage of citrus, the numbers of traps deployed,
and the numbers of sterile ßies released, have all re-

mained unchanged, the steady reduction in the num-
bers of wild ßies during the implementation of the
spray program is encouraging.
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